
Scaling laws and transient times in 3He induced nuclear fission ∗

Th. Rubehn, K.X. Jing, L.G. Moretto, L. Phair, K. Tso, and G.J. Wozniak
Nuclear Science Division, Lawrence Berkeley National Laboratory

It is well known from early studies that fission excita-
tion functions vary dramatically from nucleus to nucleus
over the periodic table [1–3]. Some differences can be un-
derstood in terms of a changing liquid-drop fission barrier
with the fissility parameter, others are due to strong shell
effects which occur e.g. in the neighborhood of the double
magic numbers Z=82 and N=126. Further effects may
be associated with pairing and the angular momentum
dependence of the fission barrier.

Fission rates have been successfully calculated most
often with the transition state method introduced by
Wigner [4] which has then been applied to fission by Bohr
and Wheeler [5]. However, recent measurements of an en-
hancement of prescission emission of neutrons and -rays
in relatively heavy fissioning systems claim the failure
of the transition state method. The alleged failure has
been attributed to the transient time necessary for the
so-called slow fission mode to attain its stationary decay
rate. Since these methods are indirect and are fraught
with difficulties, we have experimentally investigated the
fission probability to search for possible deviations from
the predicted transition state rates. Therefore, we have
measured 3He induced fission cross sections of three com-
pound nuclei using two large area PPACs which allowed
for the detection of both fission fragments in coincidence;
the results are shown in Fig. 1 [6].

FIG. 1. Excitation function for fission of several compound
nuclei formed in 3He induced reactions. The different symbols

correspond to the experimental data points. The solid line

shows the results of a fit to the data.

Recently, we have introduced a method to analyze fis-
sion excitation functions [6,7]: it has been shown that this
analysis allows the scaling of different excitation func-

tions according to the transition state predictions, once
the shell effects are taken into account. As we show in
Fig. 2, no deviations from the straight line, which would
indicate a failure of the transition state method, are ob-
servable. Furthermore, this method allows one to de-
termine the effective fission barrier, the shell effect, and
af=an.

FIG. 2. The scaled fission excitation functions vs the
square root of the intrinsic excitation energy over the sad-

dle for fission of several compound nuclei. The straight line

represents a fit to the whole data set.

The excitation energy covered by our experiment (25-
145 MeV) corresponds to compound nucleus life times
between 10−18 and 10−22 seconds, and is therefore sen-
sitive to delay times in the first chance fission probabil-
ity. We have assumed a step function for the transient

time effect and calculated accordingly the resulting fis-
sion width. Modest fission transient times would show up
as significant deviations from the straight line presented
in Fig. 2. This allows us to determine an upper limit
for the transient time of no longer than 10 −20 seconds.
Since the experimental fission rates are well described by
the transition state method, it seems likely that most
prescission emission occurs during the descent from sad-
dle to scission.

[1] G. M. Raisbeck, J.W. Cobble, Phys. Rev. 153, 1270

(1967).
[2] L.G. Moretto et al., Phys. Lett. 38B, 471 (1972).

[3] A. Khodai-Joopari, Ph.D. thesis, UC Berkeley, 1966.

[4] E. Wigner, Trans. Faraday Soc. 34, 29 (1938).
[5] N. Bohr and J.A. Wheeler, Phys. Rev. 56, 426 (1939).

[6] ,∗ Th. Rubehn et al., Phys. Rev. C 54, 3062 (1996).

[7] L.G. Moretto et al., Phys. Rev. Lett. 75, 4186 (1995).


